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STENT 

TECHNICAL FIELD 

The present invention relates to improvements in a stent 
used for amelioration of a stenosed portion that occurs in an 
organism such as a blood vessel. 

TECHNICAL BACKGROUND 

A stent refers to a tubular medical tool that is placed in a 
stenosed portion or the like for dilating the stenosed portion, 
etc., to secure a necessary lumen region When a blood vessel 
or a lumen in an organism is stenosed or occluded. The stent 
is inserted into a body With its diameter kept small, and is 
expanded in a stenosed portion, etc., to have a larger diameter 
so that the above lumen is dilated and sustained. 

Conventional stents are typically as shoWn in FIGS. 11 and 
12. HoWever, these have had the folloWing drawbacks. FIG. 
11A and FIG. 12A shoW stents before expansion, and FIG. 
11B and FIG. 12B shoW the stents after expansion. 

In a stent 201 shoWn in FIG. 11, cells 206 constituting a 
ring unit 204 have a structure in Which three linear portions 
207 are connected in parallel and a curved portion 206A 
betWeen the cells 206 is arranged so as to face a space 206B 
in the vicinity of cells 206 constituting another ring unit 204. 
Having the above structure, the above stent is excellent in 
proper radial sustaining force (Which, in a general expression, 
means a force to sustain an expansion state of the stent against 
an external force from and through a blood vessel Wall When 
the stent is expanded to be ?xed to the vessel Wall) and 
?exibility. Since, hoWever, the stent is inserted through tortu 
ous parts of a blood vessel, along the curves of it, during 
expansion or delivery, the cells 206 partly project outWard to 
be caught by the Wall of the vessel, so that the delivery has 
been sometimes di?icult (Which Will be referred to as “?are 
phenomenon” hereinafter). 

In a stent 241 shoWn in FIG. 12, cells 246 Which constitute 
a ring unit have a structure in Which generally-<-shaped struts 
(linear bodies) 247 are connected With a connector portion 
245. Therefore, the stent 241 has advantages that it has a 
strong radial-sustaining force and that the above generally-< 
shaped struts 247 are not Warped outWard during expansion or 
insertion through a tortuous blood vessel. HoWever, the defect 
With it is that it lacks ?exibility. It is considered that the above 
problem is caused since each connector portion 245 has only 
one curved portion and also since the connector portion 245 is 
of small length. 

The conventional stents thus have the problem that they are 
not Well-balanced in ?exibility and radial sustaining force. 

The present inventors have made diligent studies for over 
coming the above problems in order to provide a neW stent 
having both ?exibility and radial sustaining force, and have 
arrived at the present invention. 

DISCLOSURE OF THE INVENTION 

The present invention has been made from the above vieW 
point, and according to the present invention, there is pro 
vided an invention of the folloWing subject matters. 

[1]A stent (1, 1A, 1B) With high bending ?exibility, Which 
has a generally tubular body formed of ring units formed of a 
plurality of cells each, and said tubular body is expandable in 
the radius direction of said tubular body from inside of said 
tubular body, 

each ring unit (4, 4A, 4B) being constituted of saidplurality 
of cells (6, 6A, 6B) connected to one another above and beloW 
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2 
and arranged so as to surround the center line (C1) of the stent 
(1, 1A, 1B) forming said tubular body, 

a plurality of said ring units (4, 4A, 4B) being arranged in 
the axial direction of the stent (1, 1A, 1B) forming said 
tubular body, adjacent ring units (4, 4A, 4B) having at least 
one site each through Which the adjacent ring units (4, 4A, 
4B) are connected to each other With one of connector por 

tions (5, 5A, 5B), 
each of said connectorportions (5, 5A, 5B) being formed of 

curved portions (8, 8A, 8B) having at least 2 arches and a 
generally linear portion (7, 7A, 7B) continued to, and from, 
said curved portions (8, 8A, 8B), 

Wherein said cells (6, 6A, 6B) are so arranged in the axial 
direction of the stent that, 3 to 8 cells being disposed per 10 
mm of the length of said stent (1, 1A, 1B), 

and the ratio of the length (6L, 6AL, 6BL) of said cell (6, 
6A, 6B) in the axial direction of the stent and the length (5L, 
5AL, 5BL) of said connector portion (5, 5A, 5B) in the axial 
direction of the stent is determined such that on the basis that 
When the length (6L, 6AL, 6BL) of said cell (6, 6A, 6B) in the 
axial direction of the stent is taken as 100, the length (5L, 
5AL, 5BL) of said connector portion (5, 5A, 5B) in the axial 
direction of the stent is 50 to 100. 

[2] A stent (1, 1A, 1B) With high radial force and bending 
?exibility, Which has a generally tubular body formed of ring 
units formed of a plurality of cells each and is expandable in 
the radius direction of said tubular body from inside of said 
tubular body, 

each ring unit (4, 4A, 4B) being constituted of saidplurality 
of cells (6, 6A, 6B) connected to one another above and beloW 
and arranged so as to surround the center line (C1) of the stent 
(1, 1A, 1B) forming said tubular body, 

a plurality of said ring units being arranged in the axial 
direction of the stent (1, 1A, 1B) forming said tubular body, 
adjacent ring units (4, 4A, 4B) having at least one site each 
through Which the adjacent ring units (4, 4A, 4B) are con 
nected to each other With one of connector portions (5, 5A, 
5B). 

each of said connectorportions (5, 5A, 5B) being formed of 
curved portions (8, 8A, 8B) having at least 2 arches and a 
generally linear portion (7, 7A, 7B) continued to, and from, 
said curved portions (8, 8A, 8B), 

(i) Wherein each of said cells (6, 6A, 6B) has at least one 
curved portion (12, 12A, 12B) and has a generally linear 
portion (11, 11A, 11B) and a generally linear line portion (15, 
15A, 13B) Which are adjacent to said curved portion (12, 
12A, 12B), 
When the stent is expanded until said tubular body has a 

diameter ((1)) of 2.5 mm, the generally linear portion (11, 11A, 
11B) and the generally linear portion (15, 15A, 13B) form an 
angle (6) of at least 30° after expansion, 

and said cells (6, 6A, 6B) are arranged in the radius direc 
tion, 6 to 12 cells being arranged When the tubular body has a 
diameter ((1)) of 3 .0 mm or more after expansion of the stent (1, 
1A, 1B), and 

(ii) Wherein said cells (6, 6A, 6B) are so arranged in the 
axial direction of the stent that, 3 to 8 cells being disposed per 
10 mm of the length of said stent (1, 1A, 1B), and 

the ratio of the length (6L, 6AL, 6BL) of said cell (6, 6A, 
6B) in the axial direction of the stent and the length (5L, 5AL, 
5BL) of said connector portion (5, 5A, 5B) in the axial direc 
tion of the stent is determined such that on the basis that When 
the length (6L, 6AL, 6BL) of said cell (6, 6A, 6B) in the axial 
direction of the stent is taken as 100, the length (5L, 5AL, 
5BL) of said connector portion (5, 5A, 5B) in the axial direc 
tion of the stent is 50 to 100. 
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[3] The stent (1, 1A, 1B) as recited in the above [1] or [2], 
Wherein said cells (6, 6A, 6B) have a thickness of 0.06 mm to 
0.12 mm and a Width of 0.08 mm to 0.15 mm and said 

connector portions (5, 5A, 5B) have a thickness of 0.06 to 
0.12 mm and a Width of0.04 mm to 0.10 mm. 

[4] The stent (1, 1A, 1B) as recited in any one of the above 
[1] to [3], Wherein the connector portions (5, 5A, 5B) at the 
outer most ends of said stent 1, 1A, 1B) have a larger length or 
a smaller Width than the connectorportions (5, 5A, 5B) on the 
inWard side of the stent 1, 1A, 1B) so that the stent has more 
?exibility. 

[5] A stent 1, 1A, 1B) Which has a generally tubular body 
formed of ring units formed of a plurality of cells each and is 
expandable outWardly in the radius direction of said tubular 
body from inside of said tubular body, 

each ring unit (4, 4A, 4B) being constituted of saidplurality 
of cells (6, 6A, 6B) connected to one another above and beloW 
and arranged so as to surround the center line (C1) of the stent 
1, 1A, 1B) forming said tubular body, 

a plurality of said ring units (4, 4A, 4B) being arranged in 
the axial direction of the stent 1, 1A, 1B) forming said tubular 
body, adjacent ring units (4, 4A, 4B) having at least one site 
each through Which the adjacent ring units (4, 4A, 4B) are 
connected to each other With one of connector portions (5, 
5A, 5B), 

each of said connector portions (5, 5A, 5B) being formed of 
curved portions (8, 8A, 8B) having at least 2 arches and a 
generally linear portion (7, 7A, 7B) continued to, and from, 
said curved portions (8, 8A, 8B), 

Wherein said cells (6, 6A, 6B) have a thickness of 0.06 mm 
to 0.12 mm and a Width of0.08 mm to 0.15 mm, and 

said connector portions (5, 5A, 5B) have a thickness of 0.06 
mm to 0.12 mm and a Width of0.04 mm to 0.10 mm. 

[6] The stent (1, 1A, 1B) as recited in the above [5], Wherein 
each of said cells has at least one curved portion (12, 12A, 
12B) and has a generally linear portion (11, 11A, 11B) and a 
generally linear portion (15, 15A, 13B) Which are adjacent to 
said curved portion (12, 12A, 12B), 
When the stent is expanded until said tubular body has a 

diameter ((1)) of 2.5 mm, the generally linear portion (11, 11A, 
11B) and the generally linear portion (15, 15A, 13B) form an 
angle (0) of at least 300 after expansion, and 

said cells (6, 6A, 6B) are so arranged in the radius direction 
of the stent, that 6 to 12 cells being disposed When the tubular 
body has a diameter ((1)) of 3 .0 mm or more after expansion of 
the stent (1, 1A, 1B). 

[7] The stent 1, 1A, 1B) With high bending ?exibility as 
recited in the [5] or [6], Wherein the ratio of the length (6L, 
6AL, 6BL) of said cell (6, 6A, 6B) in the axial direction of the 
stent and the length (5L, SAL, 5BL) of said connector portion 
(5, 5A, 5B) in the axial direction of the stent is determined 
such that on the basis that When the length (6L, 6AL, 6BL) of 
said cell (6, 6A, 6B) in the axial direction of the stent is taken 
as 100, the length (5L, SAL, 5BL) of said connector portion 
(5, 5A, 5B) in the axial direction of the stent is 50 to 100. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a plan vieW of a stent of the present invention. 
FIG. 2 is an enlarged vieW of FIG. 1. 
FIG. 3 is an enlarged vieW shoWing a state of the present 

invention after expansion. 
FIG. 4 shoWs conceptual vieWs of struts constituting a cell. 
FIG. 5 is an enlarged vieW of a stent that is decreased in siZe 

during delivery to a blood vessel. 
FIG. 6 is a plan vieW of other embodiment of the stent of the 

present invention. 
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4 
FIG. 7 is a partial enlarged plan vieW of FIG. 6. 
FIG. 8 is a plan vieW of other embodiment of the stent of the 

present invention. 
FIG. 9 is a partial enlarged plan vieW of FIG. 8. 
FIG. 10 is an enlarged vieW of a reference example of the 

stent of the present invention. 
FIGS. 11 and 12 shoW plan vieWs of conventional stents. 
In the draWings, 1, 1A and 1B indicate stents, 4, 4A and 4B 

indicate ring units, 5, 5A and 5B indicate connector portions, 
6, 6A and 6B indicate cells, 7 indicates a generally linear 
portion, 8, 8A and 8B indicate curved portions of connector 
portions, 9 indicates a connection portion, 11, 11A, 11B and 
13B indicate generally linear portions, 12, 12A and 12B 
indicate curved portions of cells, 13 and 13A indicate curved 
line portion of cells, 14 and 14A indicate minor curved por 
tions of cells, 15 and 15A indicate generally linear portions of 
cells, 17 indicates a generally-<-shaped cell, 18 indicates a 
generally-S-shaped connection portion, and 19 indicates a 
component portion in stents A and B. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

The present invention Will be explained in detail With ref 
erence to the draWings hereinafter. 

FIG. 1 is a plan vieW of the stent of the present invention, 
FIG. 2 is an enlarged vieW of FIG. 1, FIG. 3 is an enlarged 
vieW shoWing a state of the stent of the present invention after 
expansion, and FIG. 4 is a conceptual vieW of struts consti 
tuting a cell. 
As shoWn in FIG. 1, a stent 1 can form a generally tubular 

body of a plurality of ring units 4 formed of a plurality of cells 
6 each and can expand in the radius directions from an inside 
of the tubular body. The above plurality of cells 6 are con 
nected to one another above and beloW, and a plurality of such 
cells 6 are arranged so as to surround a central axis C1 of the 
stent 1 forming the above tubular body, Whereby one ring unit 
4 is constituted. A plurality of such ring units 4 are arranged 
in the axial direction of the stent 1 forming the above tubular 
body, and adjacent ring units 4 are connected to each other 
With a connector portion 5 at least in one portion each. 

(Cell) 
In the present invention, the above cell 6 means one com 

ponent unit having a con?guration consisting of a curved 
portion and tWo generally linear struts, and more speci?cally, 
as shoWn in FIG. 2, said curved portion is a >-shaped curved 
portion 12 and said tWo generally linear struts are adjacent 
and continued to said >-shaped curved portion. 

In one embodiment, as is shoWn in FIG. 2, the cell 6 is 
consisting of >-shaped curved portion 12, having an acute 
angle X, to Which are connected tWo generally linear struts, 
one strut containing generally linear portion 1 1, the other strut 
containing a curved line portion 13. In FIG. 2, rectangular or 
box L depicts a space Which de?nes each unit of a cell con 
sisting of the curved portion and tWo generally linear struts. 
Of the tWo struts, at least one strut is disposed in the axial 
direction (axially-disposed-strut (ADS). 
The cell is expanded by expanding the >-shaped curved 

portion as a pivot as shoWn in FIG. 3, and compressed by 
bending the >-shaped curved portion as shoWn in FIG. 5, thus 
the curved portion 12 in cell 6 is a bendable and expandable 
(B/ E) curved portion. 

Further, as shoWn in FIGS. 2, 4, 7, and 9 When each of the 
above cell 6 is divided into upper and loWer portions With a 
center line C2 in the axis direction of the stent, the upper and 
loWer portions of the cell are formed asymmetrically With 
regard to the center line C2, and are formed such that, When 
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the above tubular body, that is, the stent is expanded so that the 
diameter 4) of the stent is, for example 2.5 mm, the curved 
portion 12 of the cell after expansion comes to have an angle 
0 of 30° or greater as shoWn in FIG. 3. 
The angle 0 of the curved portion 12 after expansion refers 

to an angle formed betWeen the generally linear portion 11 
from a point 0 on the curved portion 12 and that generally 
linear portion 15 of the curved-line portion 13 Which is close 
to the point 0 side, as shoWn in FIG. 3. 
As shoWn in FIG. 2, preferably, each cell is constituted of 

the generally liner portion 11 and the curved-line portion 13 
that are connected to each other through the curved portion 
12, and the curved line portion 13 has tWo or more minor 
curved portions 14 having an obtuse angle Y each. 
(Angle of Curved Portion after Cell Expansion) 
The radial sustaining force (to be also referred to as “radial 

force”) of the stent increases, as the generally liner portion 11, 
the curved portion 12 and the curved line portion 13 (to be 
also referred to as “generally S-shaped portion” hereinafter) 
having the minor curved portions 14, Which form the cell 6, 
come to be closer to the perpendicular direction to the central 
axis C1 of the stent (or tubular body), as shoWn in FIGS. 1, 6, 
and 8. That is, as the angle 0 of the curved portion 12 after 
expansion comes closer to 180° as shoWn in FIG. 3, the radial 
sustaining force increases. Preferably, therefore, the stent is 
formed such that When the above tubular body is expanded 
until it has a diameter 4) of 2.5 mm, preferably, 3.0 mm, the 
angle 0 of the above curved portion after expansion is at least 
30°. 

The above radial sustaining force (radial force) refers to the 
rigidity of the stent in the circumferential direction (radius 
direction) of the stent and refers to the degree of easiness With 
Which the stent is deformed in the circumferential direction 
(radius direction) of the stent. A stent having a high radial 
force refers to a stent that is not easily deformed in the cir 
cumferential direction (radius direction) of the stent When it is 
inserted and placed deep in a blood vessel of an organism to 
be exerted an external pressure (outside pressure) from and 
through a blood vessel Wall. That is, in vieW of the object of 
the stent, it is essential to create such a stent that can maintain 
its radial force at a high level. 
(Number of Cells Arranged in the Radius Direction) 

Further, since the above point has regard to the number of 
the cells 6 arranged, the number of the cells 6 arranged in the 
radius direction is preferably 4 or more. Further, When the 
tubular body, that is, the stent, after expansion has a diameter 
4) of 3.0 mm or greater, the number of the cells arranged is at 
least 6, preferably 6 to 12. 
(Number of Cells in the Axial Direction and Angle of Curved 
Portion After Expansion) 

The cells are desirably so disposed in number at least 3, 
preferably 4 to 8, per 10 mm in the axial direction of the stent, 
in order that the angle 0 of the curved portion 12 after expan 
sion is at least 30°, preferably 45° to 140°, more preferably 
45° to 120°, When the stent after expansion has an intended 
diameter (a speci?cation diameter, e.g., 4); 3.0 mm, 4); 4.0 
mm). 

To arrange the angle 0 after expansion in an intended 
diameter to be closer to 180°, for example, to be more than 
140°, is effective for obtaining the su?icient radial sustaining 
force, Which, hoWever, undesirably makes the deformation of 
the curved portion 12 too large, thereby posing a problem 
With strength in stent and decreasing the total length of the 
stent due to expansion (to be referred to as “foreshor‘tening” 
hereinafter), Which causes a problem that exact positioning of 
the stent to the intended place becomes dif?cult When the 
placement of the stent is to be made. 
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6 
(Thickness, Width, etc., of Cell) 

In the present invention, generally, the cell preferably has 
the folloWing thickness and Width. That is, When the angle 0 
of the curved portion 12 of the above cell is de?ned as 
described above, the thickness of the above cell 6 (more 
precisely the thickness of a strut constituting the cell) is 
preferably 0.12 mm or less for preventing the thrombus for 
mation. Similarly the thickness of the above cell 6A (the 
thickness of a strut constituting the cell) is preferably 0.12 
mm or less for preventing the thrombus formation. 6A indi 
cates a cell of a stent 1A in FIGS. 6 and 7. Similarly the 
thickness of the above cell 6B (the thickness of a strut con 
stituting the cell) is preferably 0.12 mm of less for preventing 
the thrombus formation. 6B indicates a cell of a stent 1B in 
FIGS. 8 and 9. These reference numerals 6, 6A, and 6B Will be 
used in this sense hereinafter. HoWever, When the cell thick 
ness (thickness of a strut) is too small or less than 0.06 mm, 
X-ray imaging capability (contrast image formability) and 
the radial sustaining force decrease, so that the cell thickness 
(thickness of a strut) is in the range of 0.06 to 0.12 mm, 
preferably 0.07 to 0.12 mm. 

Similarly, With the increase in the Width of the cell 6 (6A, 
6B), the higher radial sustaining force is more preferably 
obtained. HoWever, When the Width of the cell is too large, the 
metal area increases and risks of thrombus formation and 
restenosis increase. On the other hand, When the cell Width is 
too small, no su?icient radial sustaining force can be 
obtained. Therefore, by taking into account of these, desir 
ably, the cell Width in the stent of the present invention is in 
the range of0.08 mm to 0.15 mm, preferably 0.08 mm to 0.12 
mm. 

In the present invention, the thickness and Width of the cell 
6 (6A, 6B) are de?ned as described above, and further, the 
ratio of the length 6L of the cell 6 (6A, 6B) in the axial 
direction of the stent and the length 5L of the connector 
portion 5 in the axial direction of the stent is determined to be 
in a speci?c range de?ned in the present invention as Will be 
described later, Whereby good X-ray imaging capability, the 
high radial sustaining force and the high ?exibility can all be 
accomplished and maintained at the same time. 
The strut form of the cell is preferably shaped so as to be 

asymmetric With regard to the center line C2 as shoWn in FIG. 
4(b) rather than is formed so as to be symmetric as shoWn in 
FIG. 4(a). That is because of the folloWing. When it is formed 
asymmetrically, the relative length of the entire strut is larger 
(for example, a comparison of FIG. 4(a) and FIG. 4(b) inevi 
tably shows 211 <c+d)), the expandability of the stent itself can 
be enhanced, and the more effective prevention of the fore 
shortening can be achieved. 

(Connector Portion) 
In the stent of the present invention, the connector portion 

for cell-cell connection is constituted as folloWs. 
For example, the above connector portion 5 connecting the 

cells 6 and 6 in the stent 1 has at least 2 curved portions as 
shoWn in FIG. 2, and has a central generally linear portion 7, 
to both ends of Which are connected curved portions 8 and 8. 
End portions of the above curved portion 8 are connected to 
the above cells 6 and 6 constituting different (adjacent) ring 
units 4 and 4 through connection portions 9 and 9. 

The above connector portion 5 is asymmetrically con 
nected to ends of the above cells 6 and 6 as shoWn in FIG. 2. 
(Connector Portion Length, etc.) 

Concerning the total length (5L') of the connector portion 
5, Which is the total length of the generally liner portion 7 and 
the arched portions 8 and 8, measured along the line, is 
preferably at least 1 mm, since it is considered that the larger 
the length of the connector portion, the more improved the 
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?exibility. However, When the above total length is too large, 
the S-shaped connector portion 5 itself becomes large in siZe, 
vertically adjacent connector portions 5 interfere With each 
other When the stent is mounted on a balloon catheter (the 
stent on a balloon catheter is sometimes decreased in diam 

eter to some extent) or When the stent is made curved along a 
blood vessel While it passes through a curved portion of the 
blood vessel, Which interference of connector portions causes 
impairment of the ?exibility. Desirably, therefore, the total 
length (5L') of the entire connector portion is at least 1 mm, 
preferably 1 mm to 2 mm. The total length (5L') of the entire 
connector portion is as described above the length measured 
along the line of the connector portion. 

Further, for the above reasons, desirably, the R (radius) of 
an arc constituting the curved portion 8 is 0.05 mm or more, 
preferably 0.05 mm to 0.2 mm. 

(Thickness and Width of Connector Portion) 
Generally, the thickness and Width of the connector portion 

are preferably de?ned as folloWs. 

Desirably, the thickness of the above connector portion 5 is 
as small as 0.12 mm or less for preventing the thrombus 
formation as described above. Similarly, the thickness of the 
above connectionportion 5A is as small as 0.12 mm or less for 
preventing the thrombus formation as described above. 5A 
indicates the connector portion of a stent 1A in FIGS. 6 and 7. 
Similarly, the thickness of the above connector portion 5B is 
as small as 0.12 mm of less for preventing the thrombus 
formation as described above. 5B indicates the connector 
portion of a stent 1B in FIGS. 8 and 9. These reference 
numerals 5, 5A, and 5B Will be used in this sense hereinafter. 
HoWever, When the above thickness is too small or less than 
0.06 mm, the X-ray imaging capability and the radial sustain 
ing force come to decrease, so that the thickness of the con 
nector portion is in the range of 0.06 to 0.12 mm, preferably 
0.07 to 0.12 mm. 

When the Width of the connector portion 5 (5A, 5B) is too 
large, the ?exibility decreases. When it is too small, it 
involves risk of breaking When the stent is curved. Desirably, 
therefore, the above Width is 0.1 mm or less, more preferably 
in the range of 0.04 to 0.10 mm, still more preferably 0.04 to 
0.08 mm. 

For improving the ?exibility, the Width of the connector 
portion 5 (5A, 5B) is preferably smaller than that of the cell 6 
(6A, 6B). 
(Ratio of Length of Cell and Length of Connector Portion) 

In this invention, concerning the ratio of the length 6L of 
the above cell 6 in the axial direction of the stent and the 
length 5L of the above connector portion 5 in the axial direc 
tion of the stent as shoWn, for example, in FIG. 2, on the basis 
that When the length 6L is taken as 100, the length SL is 50 to 
100, preferably 55 to 80, more preferably 57 to 70, most 
preferably 58 to 65. 

Further, concerning the ratio of the length 6L of the above 
cell 6 in the axial direction of the stent and the total length 5L‘ 
of the generally linear portion 7 and the curved portions 8, on 
the basis that When the length 6L is taken as 100, desirably, the 
length 5L‘ is 50 to 150, preferably 100 to 150. 

It has been found that by de?ning the ratio of the length of 
the stent and the length of the connector portion as described 
above, the ?are phenomenon after expansion of the stent or 
during delivery of the stent can be suppressed, and further, the 
radial sustaining force can be maintained at a high level and 
the stent itself can be provided With ?exibility. 
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(Pattern of Stent) 
The pattern of the stent of the present invention as the 

folloWing features. 
As shoWn in FIG. 2, for example, in the stent 1, the cells 6 

are asymmetrically arranged through the connectorportions 5 
With regard to the center line C2 in the axial direction of the 
stent, While the cells 6 are arranged in the same direction and 
at the same height in the axial direction of the stent. That is, 
the cells 6 positioned in the axial direction of the stent are 
arranged such that When the cells in an n-th column are moved 
to an (n+1)-th column in the axial direction of the stent, the 
cells in the n-th column lie overlapped on the cells in the 
(n+1)-th column. Further, the cells 6 are arranged in the same 
radius direction such that When the cells 6 in the same column 
(of the same ring unit) are shifted upWard or doWnWard, one 
cell overlaps on another cell. While the generally linear por 
tion 11 of each cell is basically nearly horizontal (nearly in 
parallel) With regard to the center line C2, the generally linear 
portion 11 may tilt to some extent With an angle so long as the 
angle 0 of the curved portion 12 after expansion does not 
come to be less than 30°. 
(Pattern of Connector Portion) 
As far as the pattern of the connector portions is concerned, 

each of the connector portions 5 is also arranged through the 
cell 6 asymmetrically in the axial direction of the stent, and 
the connector portions 5 are arranged in the same direction 
With regard to the axial direction of the stent and at the same 
height. That is, the connector portions 5 positioned in the 
axial direction of the stent are arranged such that When the 
connector portions in an n-th column are moved to an (n+1) 
th column in the axial direction of the stent, the connector 
portions in the n-th column lie over lapped on those in the 
(n+1)-th column. Further, the connector portions 5 are 
arranged in the same radius direction of the stent such that 
When the connector portions in the same column (of the same 
ring unit) are shifted upWard or doWnWard, one connector 
portion overlaps on another connector portion. 

Preferably, the cells 6 and the connector portions 5 in the 
axial direction of the stent are arranged such that the height of 
the cells 6 is not the same as, and differs from, the height of the 
connector portions 5. As already discussed, in the stent of the 
present invention, preferably, the Width of the strut constitut 
ing the cell is greater than that of the strut constituting the 
connector portion 5. 

In the stent 1 of the present invention, those factors such as 
the angle 0 of the curved portion 12 of the cell after expansion, 
the ratio of the length 6L of cell 6 in the axial direction of the 
stent and the length 5L of the connector portion 5 in the axial 
direction of the stent, the forms of the above mentioned con 
nector portion and the cell and the layouts (pattern) of the 
connector portions 5 and the cells 6 in the radius and axial 
directions of the stent, are de?ned as described above. By 
de?ning these factors as Were described, there is caused no 
overlapping of the cells 6 and the connector portions 5 each 
other in the radius direction of the stent, When the diameter of 
the stent 1 is decreased during delivery into a blood vessel as 
shoWn in FIG. 5. That is, the stent 1 is formed such that When 
the diameter of the stent 1 is decreased as shoWn in FIG. 5 
causing strut-strut contact p1 and connector-connector con 
tact q1, the cell 6 and the connector portion 5 can be accom 
modated into a space S present betWeen the cell 6 and the 
connector portion 5 in the radius direction of the stent as 
shoWn in FIG. 2. 

Other Embodiments of the Stent 

FIGS. 6 and 8 are plan vieWs of other embodiments of the 
stent of the present invention. FIGS. 7 and 9 are respectively 
partial enlarged plan vieW of FIGS. 6 and 8. 
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(Stent 1A) 
The stent 1A shown in FIGS. 6 and 7 is basically the same 

as the stent 1 shown in FIG. 1 except for the following points. 
That is, the stent 1A differs in the following points. 

(a) Each cell 6A is constituted of a generally linear portion 
11A having an acute angle X with respect to the center line C2 
in the axial direction of the stent 1A and a curved line portion 
13A, the generally linear portion 11A being connected to the 
curved line portion 13A through a curved portion 12A (in 
contrast, each cell 6 of the stent 1 is constituted of the gener 
ally linear portion 11 arranged nearly horizontally to (nearly 
in parallel with) the center line C2 in the axial direction of the 
stent 1 and the curved line portion 13, with the generally 
linear portion 11 being connected to the curved line portion 
13 through the curved portion 12.). 

(b) The cells 6A are arranged in the axial direction of the 
stent 1A symmetrically with regard to the connector portions 
5A. 

(c) The cells 6A positioned in the axial direction of the stent 
1A are arranged such that when the cells in every two columns 
are taken or viewed in the axial direction of the stent 1A, the 
cells in an n-th column lie overlapped on the cells in the 
(n+2)-th column. The other members and de?nitions of these 
members are the same as those in the stent 1, so that a detailed 
explanation thereof is omitted. 
(Stent 1B) 
The stent 1B shown in FIGS. 8 and 9 differs from the stents 

1 and 1A shown in FIGS. 1, 6 and 7 in the following points. 
That is, the stent 1B basically differs in the following points. 

(a) The stent 1B differs from the stents 1 and 1A in that each 
cell 6B is constituted of a generally linear portion 11B having 
an acute angle X with respect to the center line C2 in the axial 
direction of the stent 1B and a generally linear portion 13B 
arranged nearly horizontally to (nearly in parallel with) the 
center line C2 in the axial direction of the stent 1B, with the 
generally linear portion 11B and the generally linear portion 
13B being connected through a curved portion 12B. (In con 
trast, in the stent 1 or 1A, the cell 6 or 6A is constituted of the 
generally linear portion 11 or 11A and the curved line portion 
or 13A connected through the curved portion 12.) 

(b) The cells 6B are arranged symmetrically in the axial 
direction of the stent 1B with regard to the connector portion 
5B. 

(c) The stent 1B differs from the stent 1 but is substantially 
the same as the stent 1A in that the cells 6B positioned in the 
axial direction of the stent 1B are arranged such that when the 
cells in every two columns are taken or viewed in the axial 
direction of the stent 1B, the cells in an n-th column lie 
overlapped on the cells in the (n+2)-th column. The other 
members and de?nitions of these members are the same as 
those in the stents 1 and 1A, so that a detailed explanation 
thereof is omitted. 
(Layout of Connector Portions) 

In the above stent 1, 1A or 1B of the present invention 
shown in FIG. 1, 6 or 8, the connector portions 5, 5A or 5B of 
the cells 6, 6A or 6B constituting each ring unit 4, 4A or 4B 
are continuously arranged without any omission or skipping 
in the radius direction of the stent 1, 1A or 1B. However, the 
connector portions may be arranged by omitting or skipping 
every other one connector portion or omitting or skipping 
every other one or two connector portions to form spaces, 
thereby allowing the entire stent 1, 1A or 1B to become more 
?exible and it is expected that the more improved delivery of 
the stent to a branched blood vessel is made. 

(Materials, etc.) 
The material for constituting the stent 1, 1A or 1B of the 

present invention can be selected from known materials, and 
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10 
no special limitation is imposed thereon. The stent 1, 1A or 
1B is formed, for example, from a pipe made of stainless steel 
such as SUS316L, a shape-memory alloy such as a TiiNi 
alloy or a CuiAliMn alloy, a CuiZn alloy, an NiiAl 
alloy, titanium, a titanium alloy, tantalum, a tantalum alloy, 
platinum, a platinum alloy, tungsten or a tungsten alloy, for 
example, by a laser processing method. 

Further, the stent formed of the above metal may be sur 
face-coated with a biocompatible polymer material such as 
polyurethane, polyvinyl pyrrolidone or polyvinyl alcohol or 
the like, with a material formed by immobiliZing a physi 
ologically active substance such as heparin or urokinase or 
the like to the above polymer material by chemical bonding, 
or with a mixture of the above polymer material and an 
antithrombotic drug such as argatroban, cilostaZol or sar 
pogrelate hydrochloride or the like. 

EXAMPLE 1 

For evaluating a difference in radial sustaining force 
depending upon an angle after expansion in a stent A(B) 
constituted of components 19 formed of a generally-<-shaped 
cell 17 and a generally-S-shaped connector portion 18 each as 
shown in FIG. 10, there were prepared two stents, each stent 
having the components 19 different in number in the circum 
ferential direction, a stent A (number of arranged compo 
nents: 8) and a stent B (number of arranged components: 6) 
and the stents were evaluated for radial sustaining forces and 
compared. 

Stent A: 

Number of arranged component 19 8 
Width ofstrut ofcells 17 0.12 mm 
Thickness of strut ofcells 17 0.10 mm 
1 0 angle after expansion to 3 mm 600 

Stent B: 

Number of arranged component 19 6 
Width ofstrut ofcells 17 0.12 mm 
Thickness of strut ofcells 17 0.10 mm 
1 0 angle after expansion to 3 mm 810 

For the evaluation, each stent was expanded so as to have a 
diameter 4) of 3 mm and placed in a silicon tube placed in a 
chamber, then, pres sure was applied into the chamber, and the 
stents were measured for changes in outer diameter. Table 1 
shows the measurement results. 

TABLE 1 

(Results of measurement of radial sustaining force) 

Stent A Stent B 

Change in outer diameter —0.07 mm —0.04 mm 
during application of 
pressure at 0.02 MPa 

As is clear from Table 1, the stent B having a larger angle 
(10) after expansion showed a change of —0.04 mm in outer 
diameter (the outer diameter decreased by 0.04 mm), and the 
stent A showed a change of —0.07 mm in outer diameter (the 
outer diameter decreased by 0.07 mm), so it was con?rmed 



US 7,985,251 B2 
11 

that the stent B had a smaller change in outer diameter and had 
a greater radial sustaining force. 

EXAMPLE 2 

A stent shown in FIG. 1 Was prepared, and the radial 
sustaining force thereof Was compared With the counterparts 
of conventional stents 201 (FIG. 11) and 241 (FIG. 12). 
Further, the ?exibility of the prepared stent Was compared 
With that of the stent 201. In the stent 1, the ratio of the length 
6L of the cell 6 in the axial direction of the stent and the length 
5L of the connector portion 5 in the axial direction of the stent 
Was determined such that on the basis that the length 6L of the 
cell 6 in the axial direction of the stent Was taken as 100, the 
length 5L of the connector portion 5 in the axial direction of 
the stent Was made 59. The stent Was evaluated for a radial 

sustaining force in the same manner as in Example 1, and it 
Was evaluated for ?exibility by a four-point bending method. 
Table 2 shoWs the results of measurement of the radial sus 
taining force, and Table 3 shoWs the results of measurement 
of the ?exibility. 

TABLE 2 

(Results of measurement of radial sustaining force) 

Stent 1 Stent 201 Stent 241 

Change in outer diameter —0.026 mm —0.05 mm —0.030 mm 

during application of 
pressure at 0.02 MPa 

TABLE 3 

(Results of measurement of ?exibility) 

Stent 1 Stent 201 

Flexural strength 11.7 N - mm 17.1 N - mm 

As is clear from Table 2, it has been con?rmed that the stent 
1 of the present invention shoWs a smaller change in outer 
diameter than any one of the stents 201 and 241, and as is clear 
from the results in Table 3, it has been con?rmed that the stent 
1 of the present invention has loWer ?exural strength than the 
stent 201. Thus, it has been made clear that the stent 1 of the 
present invention has both a high radial sustaining force and 
?exibility as described above. 

EXAMPLE 3 

A stent 1A shoWn in FIG. 6 (FIG. 7) and a stent 1B shoWn 
in FIG. 8 (FIG. 9) Were measured and evaluated for radial 
sustaining forces and ?exibility in the same manner as in 
Examples 1 and 2. In the stent 1A or the stent 1B, the ratio of 
the length 6AL, 6BL of the cell 6A, 6B in the axial direction 
of the stent and the length 5AL, 5BL of the connector portion 
5A, 5B in the axial direction of the stent Was determined and 
formed such that on the basis that the length 6AL, 6BL of the 
cell 6A, 6B in the axial direction of the stent Was taken as 100, 
the length 5AL, 5BL of the connector portion 5A, 5B in the 
axial direction of the stent Was 59. Table 4 shoWs the results of 
measurement of the radial sustaining force, and Table 5 shoWs 
the results of measurement of the ?exibility. As is clear from 
Tables, it has been shoWn that the stent 1A and the stent 1B 
give substantially the same results as those of the stent 1. 
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TABLE 4 

(Results of measurement of radial sustaining force) 

Stent 1A Stent 1B Stent 201 Stent 241 

Change in —0.033 mm —0.031 mm —0.05 mm —0.030 mm 

outer diameter 
during 
application of 
pressure at 
0.02 MPa 

TABLE 3 

(Results of measurement of ?exibility) 

Stent 1A Stent 1B Stent 201 

Flexural strength 13.7 N - mm 14.3 N - mm 17.1 N - mm 

EXAMPLE 4 

The stents 1, 1A and 1B of the present invention Were 
measured for foreshortening values When the stents Were 
expanded until they had a diameter 4) of 3.0 mm. In the 
measurement, each stent Was measured for a length before the 
expansion (L1), and each stent Was measured for a length 
after the expansion (L2) up to a diameter 4) of 3.0 mm. And, a 
decrease ratio of the total length Was calculated on the basis of 
the folloWing equation and used as a foreshortening value. 

Foreshortening value:((L1—L2)/L1)><100 

For comparison, the stents 201 and 241 Were measured in 
the same manner. Table 6 shoWs the results. 

TABLE 6 

Stent 1 Stent 1A Stent 1B Stent 201 Stent 241 

Foreshortening 1.5% 1.5% 3% 5.6% 5 .6% 
value 

As is clear from Table 6, it has been con?rmed that the 
stents 1, 1A and 1B of the present invention shoW a very small 
foreshortening value than the conventional stents 201 and 
241. 
On the basis of the above fully-described technical knoWl 

edge or information, the present inventors have further 
advanced the conception of the technical feature of the stent 
of the present invention for more accurately complying With 
higher demands in the high-tech health care, medical ?elds 
such as cardiac surgery, cerebral surgery, and the like. 

That is, according to the present invention, there is pro 
vided an ultimate stent that is constituted With greatest accu 
racy and highly sophistication capable of satisfying any prop 
erties required as a stent When it is practically used in the 
above medical ?elds, as Will be described beloW. 
The basic technical conception of the highly-sophisticated 

stents 1, 1A and 1B of the present invention (objects of the 
invention) is to create a stent having folloWing properties or 
characteristics. 

First, the already discussed radial supporting force (rigid 
ity in the circumferential direction (radius direction)) is to be 
maintained at a higher level. That is, even in a case Where an 
external force is exerted on the circumference so as to depress 
and crush the stent, the stent is not to be easily deformed in the 
circumferential direction (radius direction). 








